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Abstract: The field measurement for the soil moisture is not an easy work. We will determine the parameter of 
mathematical model for distribution of soil moisture on the hill slope based on limited measured data;.after that 
we can determine and predict the soil moisture. The model involve following factors: slope gradient, land use, 
vegetation cover and surface water diffusion features together with the field measurements of soil moisture data. 
 
INTRODUCTION 
 
The soil moisture is important for the productivity because the delivery of the plant 
intake nutrient requires moisture. The most important factors that influence the soil moisture 
are vegetations cover and land use[5]. The area that we consider is the hills slope of Chinteni, 
Cluj County. In the next section we will present the mathematical model for the soil moisture 
and based on the moisture measurements data we will determine the model parameter. 
 
MATHEMATICAL MODEL 
 
The physical concept for mathematical model is the following: diffusion of surface 
water is balance with gravitation along the slope [3]. Soil moisture is determined by surface 
water and rainfall infiltrate into the soil on hill slopes. Under condition of constant 
precipitation if more the surface runoff than less soil moisture and vice versa. Factors that 
influence the surface runoff are: 
(i) The water flow rate. If the water flow swift the surface than less water infiltrates 
into soil; 
(ii) Obstruction of water flow bay vegetation. In case of constant water, greater the 
vegetations obstruction more water infiltrate into soil. 
We denote by u(s) the surface water flux rate, k(s) the obstruction of different type of 
vegetations to water flow. The model that we consider is given by the following equation [2]: 
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 represents diffusion of the flow;  
(iii) θsing  represents gravitation along a tangent [1, 4]. 
 The topographic curve of the hill slope ))(( xh  can be determine using least square 
method for the position and altitude at each sampling point, where x represent the level 
coordinate at each point, h(x) is the relative height from the lowest point to this point and 
)(' xh represents the slope gradient for this point.  
 Considering the curve h=h(x) the arc length is  
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From (1) and (2) we have: 
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 Because we are interested in soil moisture that is direct ratio with 
u
k
, we make the 
following variable replacement 
k
uU = , and K=k2  and equation (3) became: 
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Integrating equation (4) we have: 
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With these considerations equation (5) became: 
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Relation between K and obstruction of vegetation to water flow is constant under 
finite area.  
In order to find function U, implicitly u, is necessary to find parameter value K 
(implicitly k). In next section we will determine that parameter. 
 
ESTIMATION OF PARAMETER 
 
We will determine the parameter K for two type of land use: grassland and vegetables. For 
this we will use the measured values for soil moisture. For each of both cases we determine 
the topographic curve using the level coordinate of each point and relative height from the 
lowest point to present point.  
The relation used to determine the soil moisture is  
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• Grassland case. 
 
In Table 1 we have the values used to determine the average soil moisture for different points.  
 
Table 1. Average soil moisture for grassland 
Depth Ampoule 
nr. 
Gross 
moist (g) 
Gross dry 
(g) 
Ampoule 
weight (g) 
Lost 
water (g) 
Dry soil 
weight 
(g) 
Moisture 
(g) 
Average 
moisture 
(g) 
0-10 801 37.81 33.09 18.26 4.72 14.83 31.82738 
33.17995
10-20 802 36.21 31.95 18.37 4.26 13.58 31.36966 
20-40 803 53.48 44.9 18.17 8.58 26.73 32.09877 
40-60 804 47.67 41.02 18.11 6.65 22.91 29.02663 
60-80 805 45.42 38.88 9.14 6.54 29.74 21.99059 
80-100 806 42.65 37.62 18.52 5.03 19.1 26.33508 
100-125 807 45.2 38.42 17.9 6.78 20.52 33.04094 
125-150 808 64.61 47.36 18.49 17.25 28.87 59.75061 
0-10 809 43.51 37.71 18.41 5.8 19.3 30.05181 
24.64851
10-20 810 35.72 31.91 18.39 3.81 13.52 28.18047 
20-40 811 42.2 36.87 18.22 5.33 18.65 28.57909 
40-60 812 35.75 32.63 18.26 3.12 14.37 21.7119 
60-80 813 38.57 35.1 17.95 3.47 17.15 20.23324 
80-100 814 43.68 38.92 18.37 4.76 20.55 23.16302 
100-125 815 56 49.81 19.79 6.19 30.02 20.61959 
125-150 816 41.9 37.16 17.93 4.74 19.23 24.64899 
0-10 817 47.24 41.01 18.33 6.23 22.68 27.46914 
23.6292
10-20 818 42.74 37.55 18.11 5.19 19.44 26.69753 
20-40 819 49.78 44.21 18.33 5.57 25.88 21.52241 
40-60 820 48.19 42.93 18.39 5.26 24.54 21.43439 
60-80 821 38.61 35.3 18.46 3.31 16.84 19.65558 
80-100 822 35.51 32.29 18.63 3.22 13.66 23.57247 
100-125 823 45.85 40.25 18.35 5.6 21.9 25.57078 
125-150 824 42.72 38.07 17.95 4.65 20.12 23.11133 
0-10 873 33.5 28.96 18.18 4.54 10.78 42.11503 
35.72491
10-20 874 37.27 32.47 19.64 4.8 12.83 37.41231 
20-40 875 36.49 32.02 19.81 4.47 12.21 36.60934 
40-60 876 35.46 30.94 18.19 4.52 12.75 35.45098 
60-80 877 37.21 32.48 19.82 4.73 12.66 37.36177 
80-100 878 44.66 38.21 18.49 6.45 19.72 32.70791 
100-125 879 34.42 30.53 18.47 3.89 12.06 32.25539 
125-150 880 40.83 35.32 18.04 5.51 17.28 31.88657 
 
In this section we use Maple software to determine function U. With data from last 
column of Table 1 and least square method implement in Maple software we determine 
parameter K. 
Every line write with other type of character represent command line in Maple, the 
result of this command is given below command line. 
We determine the shape of function h(x), and from equation (6) we determine the 
shape of U. 
> fit[leastsquare[[x,h]]]([[350,400,450,500], 
[0,25,70.8,96.5]]): 
> h(x):= -236.9300000+.6706000000*x; 
 
 := ( )h x −  + 236.9300000 0.6706000000 x
 
> U(x):=-(9.8/K_g)*int(h(x)*sqrt(1+(diff(h(x),x))^2),x); 
 
For the determination of parameter K_g we use the following command lines: 
 
> Xval:=[350,400,450,500]: Uval:=[33.17995438,24.64851265, 
23.6292044,35.72491295]: 
>  fit[leastsquare[[x,U], U=-a*285.2724139*x+ 
a*.4037135035*x^2+c, {a,c}]]([Xval, Uval]); 
 = U −  +  + 0.1886562583 x 0.0002669836805 x2 60.41630462
 
> K_g=9.8/.2669836805e-3; 
 = K_g 36706.36341
 
• Vegetables case  
 
In Table 2 we have the values used to determine the average soil moisture for vegetables such 
as sun flower and maize in different points.  
 
Table 2. Average soil moisture for vegetable 
Depth Ampoule 
nr. 
Gross 
moist (g) 
Gross dry 
(g) 
Ampoule 
weight (g) 
Lost water 
(g) 
Dry soil 
weight (g) 
Moisture 
(g) 
Average 
moisture 
(g) 
0-10 825 38.97 34.68 18.5 4.29 16.18 26.51422 
24.75205
10-20 826 43.31 38.47 19.43 4.84 19.04 25.42017 
20-40 827 35.76 32.36 18.44 3.4 13.92 24.42529 
40-60 828 32.7 29.99 18.29 2.71 11.7 23.16239 
60-80 829 43.95 38.93 18.36 5.02 20.57 24.40447 
80-100 830 52 45.37 18.23 6.63 27.14 24.42889 
100-125 831 42.66 38.07 19.28 4.59 18.79 24.42789 
125-150 832 39.96 35.9 19.81 4.06 16.09 25.23306 
0-10 833 39.24 33.86 18.51 5.38 15.35 35.04886 
32.85653
10-20 834 49.54 42.79 19.83 6.75 22.96 29.39895 
20-40 835 40.15 34.97 18.44 5.18 16.53 31.33696 
40-60 836 43.12 33.26 19.2 9.86 14.06 70.12802 
60-80 837 37.29 31.54 18.73 5.75 12.81 44.88681 
80-100 838 35.4 33.08 18.14 2.32 14.94 15.52878 
100-125 839 37.56 35.15 19.8 2.41 15.35 15.70033 
125-150 840 38.72 35.18 18.18 3.54 17 20.82353 
0-10 841 31.64 26.87 18.48 4.77 8.39 56.8534 
21.06798
10-20 842 33.62 31.11 18.33 2.51 12.78 19.64006 
20-40 843 37.72 34.6 18.39 3.12 16.21 19.24738 
40-60 844 48.55 44.19 18.17 4.36 26.02 16.75634 
60-80 845 38.6 36.52 19.5 2.08 17.02 12.22092 
80-100 846 30.77 29.05 18.36 1.72 10.69 16.0898 
100-125 847 41.15 37.95 18.39 3.2 19.56 16.35992 
125-150 848 35.89 34.22 19.54 1.67 14.68 11.37602 
0-10 849 38.55 33.79 18.27 4.76 15.52 30.6701 
29.96118
10-20 850 34.75 31.12 18.34 3.63 12.78 28.40376 
20-40 851 46.31 40.24 19.52 6.07 20.72 29.29537 
40-60 852 36.69 32.37 17.74 4.32 14.63 29.52837 
60-80 853 51.32 43.52 18.46 7.8 25.06 31.1253 
80-100 854 41.86 36.38 18.89 5.48 17.49 31.33219 
100-125 855 46.44 40.24 18.65 6.2 21.59 28.717 
125-150 856 49.37 42.08 18.27 7.29 23.81 30.61739 
0-10 857 45.22 39.2 18.28 6.02 20.92 28.77629 
28.37258
10-20 858 43.82 37.46 18.19 6.36 19.27 33.00467 
20-40 859 45.77 39.82 18.47 5.95 21.35 27.86885 
40-60 860 50.81 44.02 19.77 6.79 24.25 28 
60-80 861 47.51 41.1 18.23 6.41 22.87 28.02798 
80-100 862 48.77 42.3 18.28 6.47 24.02 26.93589 
100-125 863 44.56 38.96 18.31 5.6 20.65 27.11864 
125-150 864 47.49 41.4 19.05 6.09 22.35 27.24832 
0-10 865 35.37 31.42 18.24 3.95 13.18 29.96965 
32.17066
10-20 866 33.42 29.25 18.32 4.17 10.93 38.15188 
20-40 867 38.4 33.2 18.37 5.2 14.83 35.06406 
40-60 868 34.37 30.35 17.74 4.02 12.61 31.87946 
60-80 869 37.6 32.81 18.42 4.79 14.39 33.287 
80-100 870 42.36 37.02 18.35 5.34 18.67 28.60204 
100-125 871 35.58 31.3 18.3 4.28 13 32.92308 
125-150 872 37.16 33.1 18.33 4.06 14.77 27.48815 
  
Using the same software and steps as in above case we have: 
 
> with(stats): 
> fit[leastsquare[[x,h]]]([[50,100,150,200,250,300], 
[0,2,29,35,46.5,60.2]]): 
> h(x):= -15.26666667+.2517142857*x; 
 := ( )h x −  + 15.26666667 0.2517142857 x
 
> U(x):=-(9.8/K_v)*int(h(x)*sqrt(1+(diff(h(x),x))^2),x); 
 := ( )U x − 9.8 ( )−  + 15.74288779 x 0.1297830706 x
2
K_v  
>Xval:=[50,100,150,200,250,300]:Uval:=[24.75204683,32.85653058, 
 21.06797988, 29.96118344, 28.37258135,32.17066443]: 
>  fit[leastsquare[[x,U], U=-a*15.74288779*x+ 
a*.1297830706*x^2+c, {a,c}]]([Xval, Uval]); 
 = U −  +  + 0.01049306430 x 0.00008650395808 x2 26.75317560
 
> K_v=9.8/.6901091001e-4; 
 = K_v 142006.5320
 
 
 
CONCLUSIONS 
 
From equation (6), values for the parameter K and variable replacement 
k
uU = , K=k2 we 
have: 
The surface water flow rate for grassland is: 
0011575.1023+836.1444729-9260.05115114)( 2 xxxug =   (7) 
The surface water flow rate for vegetable is: 
010081.6009+43.95418054-8820.03259793)( 2 xxxuv =   (8) 
From simulated and measured results the highest soil moisture content is in the lower 
part of the slope, upper part of the slope has relatively low soil moisture content, middle part 
of the slope has the lowest soil moisture content at the slope transects. The middle and the 
lower part of the slope have the highest and lowest slope gradient according to slope gradient 
measured. In conclusion, the most important factor in soil moisture distribution is given by 
the slope gradient and land position; it is crucial that land resources are used reasonably 
according to the slope and the conservation of soil moisture. The results from this paper allow 
predicting the soil moisture and using the soil according to the moisture resource. 
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